S1. Locations of selected sites
Long-term ozone (O3) observations were available at 18 rural sites in the U.S.
Intermountain West and 11 sites were located within 100 km of the shale play ( Figure 1 and Table S1 ). Data were obtained from the National Park Service (NPS), Clean Air Status and Trends Network (CASTNET), and Wyoming Department of Environmental Quality (WDEQ).
S2. Identification of reference sites
The backward trajectory cluster analysis was used to identify sites that were under the minimal influence of oil and natural gas (O&NG) extractions (Figure 1 ). ZION, GRCA, GRBA, and PEFO are located in the downwind area of Las Vegas (Figures S1c-f). Cluster analysis indicated that ~20% -50% of air masses likely came from the direction of Las Vegas. In addition, ~30% of air masses at GRCA (Cluster 4) and PEFO (Cluster 3) passed Phoenix.
Therefore, surface O3 at ZION, GRCA, GRBA, and PEFO could be significantly influenced by the nearby anthropogenic emissions. At BADL, Cluster 3 indicated that 32% of air masses transported from the periphery of Powder River Basin ( Figure S1g ). In comparison, nearly all clusters reaching YELL and CRMO were found be from the upwind areas of O&NG extraction.
Therefore, YELL and CRMO were used as reference sites to investigate the decadal O3 change. 
S4. Emissions in selected counties
Emissions of NOx and VOCs were obtained from EPA National Emission Inventory (NEI). Figure S2 ). and j (latitude), Fdaily(i, j, n) was the daily fraction of wildfire emissions, Ftype(k) was the NOx emission factor from fire type k, tr(i, j, n) was HYSPLIT calculated daily residence time, and n defined the backward day in the 5-day period. The summertime wildfire NOx impacts were computed by averaging the daily TFI index.
S7. Impacts of wildfire emissions on summertime O3
In contrast to wintertime O3 levels, summertime median DM8HA O3 displayed significant interannual variations with large differences between sites (Figure 3 ). The TFI, (Table 2) . It should be noted that significant correlation was found for seasonal 75 th or 95 th percentiles at YELL, CANY, GTHC, PNDE, and MEVE. Strong correlations, albeit not significant, were also found between TFI and summertime 95 th percentile DM8HA O3 at RANG (Table S6) . As indicated by data at the reference site YELL, the wildfire emissions had a larger impact on high O3 levels in summer over the Intermountain West. While wintertime O3 at CANY, DINO, and RANG was strongly impacted by photochemical production from O&NG emissions within the basins (Section 5), during the summer, the interannual variability of O3 at 8 out of 11 sites near the O&NG extraction fields appeared to be predominantly impacted by photochemical production from wildfire emissions. Figure S3 . Time series of summertime total fire index at each site. Regression equations were used to quantify the relationship between seasonal median DM8HA O3 and TFI, where the intercepts from the equations represented decadal summertime median DM8HA O3 values in the absence of fires (Jaffe et al., 2008) . No significant positive correlation was found between summertime O3 at ROMO and TFI, while the O3 concentration without wildfires (55 ppbv), based on the intercept value, was found to be the highest at this site.
As stated in Section 4, ROMO was influenced by the high O3 concentrations from the southeast over 2005 -2015 . Summertime O3 at ROMO was under strong influence of frequent transport of highly polluted air masses emerging from the greater Denver area, which likely dominated over the impact of wildfire emissions during the decade of the study period. Reddy and Pfister (2016) also found significant correlations between July DM8HA O3 and 500hPa heights, particularly in areas of elevated terrain near urban sources of O3 precursors.
S8. BOXMOX Model Simulations

S8.1 Field Campaigns
Surface observations were obtained from five campaigns to constrain model simulations (Tables S7-8 Relevant to Air Quality (DISCOVER-AQ) field campaigns conducted aircraft, mobile, and ground-based measurements over 15 locations across the Front Range. In this study, we used field measurements at ROMO-LP. All campaign data were available at https://esrl.noaa.gov/csd /groups/csd7/measurements/. 
S8.2 Photolysis Rates
The model used the NCAR TUV radiation model to calculate photolysis frequencies, with inputs for latitude, longitude, altitude, Julian day, temperature, surface pressure, total O3 column, and albedo. Inputs of surface temperature and pressure were constrained to measurements from field campaigns, while total O3 column was derived from averaged OMI data. The TUV calculated photolysis frequencies were then scaled to the observed j(NO2), except for j(O 1 D). Measurement of j(NO2) was not available for UBWOS2013, UBWOS2014, and FRAPPÉ. Instead, total downwelling radiation measurements from these three campaigns were used to calculate photolysis frequencies by comparison with data from UBWOS2012 (Edwards et al. 2014) . Polynomial regression was used to find the relationship between downwelling solar radiation versus j(NO2) using data from UBWOS2012 (E1). Then, j(NO2) during UBWOS2013, UBWOS2014, and FRAPPÉ was calculated using the derived equation (E1). 
S8.3 Turbulent Mixing
Mixing ratios of CO, CH4, NO, NO2, and non-methane VOCs were constrained to observations by introducing turbulent mixing. This was represented by adding the background concentration of a species outside the box (Knote et al., 2015) . 
